The endoglucanase gene (mdC) of Fibrobacter succinogenes BL2 encodes a protein of 620 amino acids (EGC) that shows similarity with family El cellulases, and particularly with EGB from F. succinogenes S85. Alignment of the amino acid sequence of family El cellulases revealed that EGC is composed of a N-terminal domain and a large catalytic domain of 453 residues containing an extension of 60 residues at its C-terminal part which is not present in other family El enzymes. EGC shows the same substrate specificity as EGB, and is also inhibited by EDTA. However, its optimal pH (7.0) and temperature (37°C) for activity are different.
Introduction
Fibrobacter succinogenes is one of the major cellulolytic bacteria found in the rumen. This microorganism is very efficient in the degradation of plant cell wall polymers and is very active against crystalline cellulose [I ,2] . Many cellulases have been identified in this bacterium.
Two endoglucanases (EGl and EG2), a cellobiosidase and a cellodextrinase have been purified from the extracellular culture fluid or from the periplasmic space of F. suc-cinogenes S85. Genes coding for two other endoglucanases (EG3 and EGB) and for the previously purified cellodextrinase have been isolated from the same strain by cloning in Escherichia coli and sequenced [1, 3] . Moreover, a number of other genes coding for glucanase activities have also been cloned in E. coli indicating that F. succinogenes S85 possesses at least nine distinct glucanase genes [4] . A DNA fragment from the BL2 strain of F. succinogenes encoding an endoglucanase was previously cloned. This DNA fragment was used as a probe to compare different F. succinogenes isolates [5] . We report the DNA sequence of this fragment, our analysis of the endoglucanase gene (designated endC) and of the encoded protein domains, and a preliminary characterization of the enzyme properties.
Materials and methods

Bacterial strains and plasmids
The endoglucanase-producing 3 kb clone in the vector pUC8 (plasmid pC,H,) was supplied by Inveresk Research International Ltd. (Musselburgh, Scotland). Escherichia coli strains (DH5o and JM 109>, plasmids, media and growth conditions were as described previously [6] .
DNA sequencing
The nucleotide sequence of the DNA fragment was determined using the Sequenase sequencing kit (US Biochemical Corp., Cleveland, OH) based on the dideoxy chain-termination method [7] . Universal primers and internal synthetic primers were used. Both DNA strands were sequenced in their entirety. The nucleotide sequence of the endC gene has been assigned the accession number L48039 in GenBank.
Data processing
Sequence analysis was performed on a Vax 8530 computer using the BISANCE software of the Centre Inter Universitaire d'Informatique a Orientation Biomedicale [8] . The deduced amino acid sequence of EGC was compared with protein sequence libraries using the FASTA program [9] , and the amino acid sequences of family El cellulases were aligned using the CLUSTAL program [lo] .
Preparation of cell extracts, cellular fractionation, substrates and enzyme assays
Cells in the late exponential phase were harvested by centrifuging at 10 000 X g for 10 min, resuspended in 50 mM sodium phosphate buffer, pH 7.0, and disrupted by sonication at 4°C [6] . Cell-free extracts obtained after centrifuging at 15 000 X g for 15 min were used for enzyme activity determination. The periplasmic, cytoplasmic and membrane fractions were prepared by osmotic shock and sonication
bl.
The substrates used for testing the specificity and mode of action of the enzyme were all from Sigma, except for the crystalline cellulose (Macherey-Nagel).
Carboxymethylcellulose
(CMC) was of medium viscosity. The lot number of P-glucan and lichenan were respectively lOH0499 and 78F05011, and of oat spelt xylan 14F-0421. These substrates (1 %l were incubated for 2 h at 37°C with cell extracts in the presence of 2 mM phenyl methyl sulfonyl flouride. Activity was assayed by measuring the reducing sugars released [6] . One unit (U) of activity corresponded to pug of glucose or xylose equivalent released by 20 pug of E. coli (pCZH9) extract. Protein concentrations were determined by the Lowry procedure, with bovine serum albumin as standard. PAGE and detection of enzyme activity were performed as described previously [6] . was AT rich and contained different sequences that were similar to E. co/i-like promoter sequences. A purine-rich sequence was found at positions nt 656 to 661, suitably spaced from the ATG codon and conforming to the E. coli Shine-Dalgamo consensus. Codon usage within the ORF was quite similar to that of endB [3] , except for the leucine codon CTG that was frequently used in endB but rarely in endC.
Another ORF was found downstream of the endC gene, starting at nt 2770 with an ATG codon and ending outside the cloned DNA fragment. This sequence was probably part of another CMCase gene as it was highly similar (68%) to the corresponding region of endC (nt 668 to 934). The two genes did not seem to be part of an operon as inverted repeat sequences, characteristics of rho-independent transcription terminators, were found in the 3' region flanking the stop codon of endC gene (Fig. 1) . Furthermore, the distance separating the two genes was greater than that usually found in the cellulase operons already described [ 11,121.
The polypeptide coded by endC (EGC) had a predicted molecular mass of 67 656. Crude extracts of E. coli cells containing pC,H, plasmid were analyzed by SDS-PAGE and protein staining and enzyme activity. A polypeptide of about 67 kDa, a value close to the predicted molecular mass of EGC, was present in extracts of E. coli containing pC,H, but not in cells transformed with pUC18. This polypeptide was the only active cellulase as revealed by the zymogram (Fig. 1) .
The N-terminal sequence of EGC conformed to a procaryotic signal sequence. E. coli cells expressing pC,H, were fractionated according to Forano et al. [6] , and the CMCase activity was found in majority in the periplasmic fraction (data not shown). This localization is compatible with the presence of a signal sequence in the protein. A signal sequence composed of 26 amino acids is also likely to be present in the second protein sequence.
Amino ucid sequence comparisons
Comparison of the amino acid sequence of EGC with sequences from data banks using the FASTA program revealed that EGC belongs to family 9 of glycosyl-hydrolases, or family E of cellulases, and particularly to subfamily El [ 13-151. Alignments of all the El sequences and determination of the percentages of similarity were done using the CLUSTAL program [ 101. To obtain better alignments, the analysis was performed with the sequences corresponding only to the N-terminal domain and the catalytic domain of the family El enzymes (residues 30 to 560 in EGC), without the putative signal sequences and other additional domains (Fig. 2) . The partial amino acid sequence of the putative second cellulase (ORF2p) was also aligned. Identity scores between the sequence of EGC and those of the other cellulases were rather low. A similarity of 30.5% was found with endoglucanase EGB from F. succinogenes S85. This alignment suggests that EGC consists of a catalytic domain of 453 amino acids and a N-terminal adjoining domain of unknown function, comprising 107 amino acids, that is present in all family El enzymes and is absent in family E2 enzymes [ 151. An additional sequence of 60 amino acids was present at the C-terminal part of EGC. This sequence, composed essentially of charged amino acids, is probably not essential for the activity as it is not present in the other family E enzymes. It does not have any similarity with any of the known cellulose-binding-domain (CBD) [ 161, which is consistent with the fact that the protein expressed in E. coli does not bind to cellulose (amorphous or crystalline, data not shown). The amino acids that have been shown, by directed mutagenesis experiments or X-ray crystallography, to be involved in catalysis or substrate binding in the other family El enzyme, CelD from Clostridium thermocellum [ 17.181 . and which are conserved in all the family E cellulases, are also present in EGC (Fig. 2). 
Mode of action, substrate spec(ficit?, and physicochemical properties of EGC
Cellular extracts of E. coli harboring pC,H, were incubated for 40 min with a CMC solution at 37°C and sampled periodically to measure both the decrease in viscosity and the release of reducing sugars. A sharp decrease in viscosity with a slow release of reducing residues was obtained, confirming the endoglucanase nature of the enzyme encoded by the cloned gene (not shown). E. coli (pC,H,) extract was examined for its ability to hydrolyze various carbohydrate polymers. High activity was 
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found against barley /3-glucan (950 U produced after 2 h incubation), CMC (300 U) and lichenan (260 U), while laminarin was not degraded, suggesting that it is a /3-(I-4>-endoglucanase. Very low activity was displayed against xylan (20 U> and activity against microcrystalline cellulose (Avicel pH 101) was barely detectable. The extracts were incubated at 37°C with CMC in various buffers ranging in pH from 5.0 to 9.0, and the decrease in viscosity of the CMC solution was measured. The pH optimum was 7.0. The extracts were then incubated with CMC at pH 7.0 at various temperatures. The enzyme showed a maximum activity at 37°C. The activity decreased markedly at temperatures above 42°C and was no longer apparent above 50°C. The effect of the chelating agent EDTA was also tested on the endoglucanase activity. The activity was strongly inhibited by EDTA (5 mM EDTA led to 70% decrease of the activity), suggesting that EGC, like EGB and some other family E enzymes, has a requirement for divalent cations [6] .
Discussion
Nucleotide sequencing has shown that a fragment of F. succinogenes BL2 genomic DNA, previously cloned in E. coli, contains one complete ORF coding for a cellulase named EGC and part of another ORF, very similar to the first and probably also coding for a cellulase. Recently, the presence of a gene cluster in another rumen bacterium, Preuotella ruminicola, was reported [19] . In this case, the two genes were involved in xylan breakdown but coded for two enzymes belonging to different families of glycosyl hydrolases. However, the high degree of similarity found between the two ORFs reported here suggested that the two genes may have arisen from duplication of a single gene. Cloning of the complete second gene, sequencing and expression in E. coli would be necessary to confirm the nature of the encoded protein.
Sequence alignments indicated that EGC belongs to family El cellulases (glycosyl hydrolases family 9), and that within this family, EGC is close to endoglucanase EGB from strain S85 of F. succinogenes [3] . Hybridization experiments, using a 700 bp fragment of endC as a probe, indicated that endC is present in the strain S85 and other strains of F. succinogenes (unpublished results). Indeed, Flint et al. showed that the total C,H, fragment hybridizes, under conditions of low stringency, with five different strains of F. succinogenes, including S85 [5] . Furthermore, a fragment of the endB gene was shown to hydridize specifically to five other strains of F. succinogenes [6] . These results suggest that endB and endC genes may both be present in many strains of the genus Fibrobacter.
The properties of EGC studied here were similar to those of EGB. Their substrate specificity was identical, they did not bind to cellulose and, like all the other characterized endoglucanases from F. succinogenes, they were not able to degrade crystalline cellulose. Their optimal pH and temperature for activity are slightly different, 7.0 and 37°C for EGC and 6.3 and 30°C for EGB, respectively. Alignment of the sequences of EGB and EGC showed that a signal sequence is probably present in EGC while none is present in EGB (Fig. 2) . It is thus possible that the two proteins have a different location within or outsihe the cell. Furthermore, EGC contains an additional sequence at the C-terminal end of the catalytic domain. It is possible that the presence of this sequence confers a particular property to EGC. Experiments are now in progress to understand the role of this sequence in EGC and to compare the cellular location of EGC and EGB in F. succinogenes. El from Thermomonospora fusca (L2OG94) and endoglucanase EGB from F. succinogenes S85 (L14436). Alignment was carried out by using the CLUSTAL program [lo] . The amino acids predicted in CelD to be involved in catalysis or substrate binding are presented in bold print. Residue substitutions (F Y W), (R K), (I V L), (N Q) and (S T) are assumed to be functionally similar. Symbols: *, invariant residues; 0, similar amino acid substitutions.
